The article presents an overview of implementation of self-referential notions in the logical and theological texts of Byzantine scholars up to the 12th century. The commentaries on Porphyry's and Aristotle's theory of definition by John of Damascus, John Italus, and Theodore Prodromos are discussed. It is argued that the Byzantine scholars performed different original implementations of basic logical notions and discovered their self-referential property. The attention is paid to the five predicabilia notions of Porphyry and Aristotelian categories applications in logical, philosophical, and theological Byzantine texts. The authors conclude that the Byzantine solutions resemble some of the modern logical ideas of 20th century.
Introduction
Self-reference is a linguistic phenomenon of applying some expression to itself in natural (may appear in frames of art and literature) and formal (mathematical, logical, programming) languages. Self-reference has various applications in science and culture:1 non-well-founded set theory in logic and non-standard analysis, process algebra, linguistics and natural language semantics;2 recursion and reflection in computer science as a strategy for meta-programming; self-similarity in mathematics; meta-reference as art-making technique in fiction, theater, cinema, radio, television and even music (frame story in fiction, induction in theater, meta-joke in humor,3 hypostasis or meta-fiction and meta-discussion techniques in literature). Self-reference as a phenomenon causing paradoxes is known even from the ancient times: Epimenides' liar paradox about all Cretans being liars; its Eubulides' formulation about a man saying that he is lying (ψευδόμενος λόγος -though not logically equivalent to Epimenides' variant); Socratic paradox about Socrates knowing that he knows nothing ([ἓν οἶδα ὅτι] οὐδὲν οἶδα) -these all are the variations of the same self-referential expressions. The Ancient and Western Medieval formulas of liar paradox are widely investigated4 in scientific modern literature (in the Middle Ages the liar paradox and paradoxes related to self-reference phenomenon were studied by western scholasts as Scrinium 12 (2016) 244-260 insolubles (insolubilia)):5 St. Jerome (4-5th cent.) made the comments on the phrase "Every man is a liar!" from Psalms (116:11) as on the liar paradox,6 Adam of Balsham studied paradoxical statements (approx. 1132),7 Alexander Neckham proposed solution for such paradoxes (12th cent.), the works of Thomas Bradwardine were also dedicated to similar matters,8 Roger Swyneshed9 and William Heytesbury10 observed these paradoxes in their particular way (14th cent.), Jean Buridan proposed his famous solutions to alethic paradoxes in his 9th treatise of his Summilae (14th cent.) [5; 6; 23],11 Gregory of Rimini and Al- bert of Saxony also paid their tribute to the discussion about paradoxes (14th cent.),12 etc.) The Eastern Medieval history of comments on liar paradox is also well investigated in literature: the Indian grammarian-philosopher Bhartrhari (5th cent.),13 a Sanskrit author, formulated a liar paradox (and its temporal contextualization solution) in the context of unsignifiability as follows: everything I am saying is false (is an unnameable thing considered named by calling it unnameable?). In Islamic philosophy there was the vast independent discussion (apart from other traditions) on liar paradox (9th-13th cent.) opened by Nasir al-Din al-Tusi (13th cent.) and defining it in self-referential terms.14 The only one part of the Eastern Medieval thought on paradoxes involving self-reference and their implementation in logic and theology which is not yet investigated is a Byzantine one.15 This short note on the history of self-reference notion implementation in Byzantium is one of the first steps to fill this gap. Here we offer some arguments proving why it seems to us that the Byzantine scholars and theologians anticipated the Russell's Paradox.
On Logical Paradoxes in General
To begin with we should mention the basic ingredients of logical paradoxes in general, then we'll show that Byzantine scholars and theologians used them even all and implemented them to their thoughts and commentaries not only on Holy Texts, but also on Aristotle's and Porphyry's logical works. The basic elements of logical paradoxes are usually as follows:
Scrinium adox by restricting the operations usage: every "term" has a "type" and not all the operations are allowed to be applied to terms of any type.21
2.1
On the History of Self-Reference Notion in Byzantium The theme of self-reference in Byzantium is a topic to be investigated. Now we'd like to tell about one possible line of its development: having found in Theodoros Prodromos' dialogue Ξενέδημος22 self-reference notion as a method to set out aporias, sophismata and contradictions, we looked to a bigger picture of his possible sources -John Italus (a possible prototype of this dialogue's protagonist Theocles) and John of Damascus (as a text widely commented by Italus). Of course, this line of discussion on the self-reference notion development in Byzantium is not the only one to be reconstructed, discussed and investigated.
At first we should provide a brief sketch of the main stages of the definition theory development in Ancient Greek and Byzantine traditions to show how the idea of self-referential definitions occurred and developed till John of Damascus (8th cent.) and the time of Theodoros Prodromos (12th cent.). Generally speaking, the definition theory in Greek Aristotelian commentary tradition developed through three following stages.
2.2
Late Antiquity Period Porphyry (3th cent.) created the definition theory,23 based on predicabilia notions (genus (γένος), species (εἶδος), differentia (διαφορά), property (ἰδίον) and accident (συμβεβηκότος)), that influenced a series of commentaries on Isagoge (Introduction) and Categories of Aristotle edited in Commentaria in Aristotelem Grecae. Commentary In Porphyrii Isagogen Sive V Voces (On Porphyry's Introduction or Five Voices) though having later interpolations is nevertheless attributed to Ammonius Hermiae (5th-6th cent.) and contains critics and modification of aristotlian theory of categories in terms of platonic ideas (some kind of synthesis of Plato and Aristotle).24 Being neoplatonic, such philosophers as 21 For more details see B. P. even without contributing directly to the development of the discussion on self-reference they formulated the tools, the apparatus and the approach to the commenting on Porphyry's and Aristotle's definition theory that influenced some later authors such as John of Damascus (8th cent.), John Italus (11th cent.) and Theodoros Prodromos (12th cent.).
2.3
Middle Byzantine Period (8th-11th Cent.) John of Damascus (strictly speaking Byzantine commentator on Porphyry's Isagoge) in his Philosophical Chapters (Φιλοσοφικὰ Κεφάλαια) of The Fount of Knowledge (Πηγή Γνώσεως)34 summarises the previous logical tradition and prepares it to be applied to solve some theological, philosophical and logical problems. That's why speaking about the ideas of Damascene we should imply not only his personal ideas but we should also consider his thoughts as the synopsis and tradition systematization.
He also shows that philosophical skepticism is a self-refuting phenomenon stating that it is impossible to know about the impossibility of knowledge (the analogue of liar paradox) as far as it is impossible to perceive the absence of perception: "There are, however, some people who have endeavored to do away entirely with philosophy by asserting that it does not exist and that neither does any knowledge or perception exist. We shall answer them by asking: How is it that you say that there is neither philosophy, nor knowledge, nor perception? Is it by your knowing and perceiving it, or is it by your not knowing and perceiving it (Πῶς φατε μὴ εἶναι φιλοσοφίαν καὶ γνῶσιν καὶ κατάληψιν, ἐγνωκότες καὶ κατειληφότες ἢ μὴ ἐγνωκότες μηδὲ κατειληφότες;)? If you have perceived it, well, that is knowledge and perception. But if it is by your not knowing it, then no one will believe you, as long as you are discussing something of which you have no knowledge."35 He disproved by such a contradiction the idea of scepticism because the falsehood of it is a consequence of its being true. It is necessary to note that this refutation is not his personal invention. He takes it from Greek philosophical tradition and puts it in the beginning of his work on knowledge.
In Chapter 5 of Philosophical Chapters which is dedicated to the term "term" (Περὶ φωνῆς) John of Damascus notes: "Since it is our purpose to discuss every simple philosophical term (περὶ πάσης ἁπλῶς φιλοσόφου φωνῆς), we must first of all know with what sort of terms (ποίας φωνῆς) it is that philosophy is concerned. So, we begin our discussion with sound itself (ἐξ αὐτῆς τῆς φωνῆς) … philosophy is concerned with that sound (φωνή) which has meaning, is articulate, and is universal, or, in other words, common and predicated of several things."36 In the Greek text John of Damascus uses three times the word φωνή and shows that the term φωνή is also φωνή itself, i.e. it has the following properties: to have meaning, to be articulate, universal, common and predicated of several things. In the English translation it is said that the sound (φωνή) is a term (φωνή) loosing a self-referential aspect of speaking about φωνή itself as being a φωνή. The same effect as of self-descriptive words such as "word," "noun," "term" and so on.
Referring to holy Fathers (οἱ ἅγιοι πατέρας) who defined the five terms of Porphyry (πέντε φωναί) as the elements of definition theory, John of Damascus coherently paraphrases Porphyry yet without his own commentaries.37 His personal comments are usually placed not in the main content of a chapter but in the beginning or in the end (or in some intermediate parts between chapters). For example he stresses almost each time when he begins to discuss a new term, that this term has a property of being equivocal or homonymous (ὁμώνυμος): genus (Περὶ γένους);38 species (Περὶ εἶδους);39 individual (Περὶ ἀτόμου);40 difference (Περὶ διαφορᾶς)41 is homonymous or equivocal and synonymous or univocal (συνώνυμος) in different relations; accident (Περὶ συμβε-βηκότος),42 property (Περὶ ἰδίου).43 He also applies the terms "univocal" and "equivocal" to show how the system of Aristotlian categories works (he stresses that all of categories are equivocal terms). John of Damascus does not invent anything here but he stresses the equivocalness of predicabilia notions illustrating it in his personal way and shifting the view to their meta-linguistic features "in relation to their operation" (κατὰ δὲ τὴν ἐνέργειαν).44 He produces the complicated meta-linguistic commentaries: "One should furthermore know that whatever is predicated of something as of a subject, that is, univocally (συνωνύμως), will also be predicated univocally of what comes under this. In the case of equivocal (ὁμωνύμως) predication, however, that will by no means be true."45 Another examples of such a commentary: "that the genus is pre - dicated of the species univocally, whereas the species is not convertible" (ὅτι τὸ γένος συνωνύμως κατηγορεῖται τοῦ εἴδους, τὸ δὲ εἶδος οὐκ ἀντιστρέφει);46 "genus and property ... are predicated univocally" (ὅτι συνωνύμως κατηγοροῦνται).47 It does not refer to self-reference problem directly. But it shows that he intuitively distinguished between levels of language and worked in a style of the famous Russell's paradox solutions (for example the type theory solution):
1. "Difference and quality and property are all the same thing in relation to their subject, but in relation to their operation they are different (∆ιαφορὰ καὶ ποιότης καὶ ἰδίωμα κατὰ μὲν τὸ ὑποκείμενον ἕν εἰσιν, κατὰ δὲ τὴν ἐνέργειαν ἕτερον καὶ ἕτερον)."48 These notions as the notions of object-language (κατὰ μὲν τὸ ὑποκείμενον) coincide but as functions (κατὰ δὲ τὴν ἐνέργειαν) and meta-language notions they differ. 2. "One must know that in the matter of equivocal terms there are three things to be asked: whether the term is equivocal, how many meanings it has, and of which of these it is a question. Now, first of all, it must be explained what an equivocal term is. Terms are equivocal when two or more things have one name, while each one of them has a different meaning, that is to say, takes a different definition. Such is the case with the term genus, for genus is of the number of equivocal terms."49 3. "Species is also an equivocal term, since it is used in two different senses."50
He also named the work The Fount of Knowledge mentioning that it is because of it's status to be the knowledge about the knowledge and his own personal role is just to "set down things which have been said in various places by wise and godly men" saying "nothing of my own" and "first of all, then, it is best to know just what philosophy is."51 After this short preamble he gives his famous definition of philosophy which is self-referential -"philosophy is the art of arts and the science of sciences" -that's why it is "the principle of any art" (ἀρχή ἐστι property of philosophy (to be the science of sciences, i.e. to be self-referential activity) makes it to be the only science appropriate to hold such an intellectual enterprise as the cognition of God (the main self-referential, self-existent and self-caused object -ἀρχὴ ἀρχῶν54 and πρᾶγμα αὐθύπαρκτον).55 Only philosophy (due to self-referential nature of its intellectual activity) offers foundations for itself and other sciences and arts. That is also the reason why philosophy is a path to the wisdom and God. Being πρᾶγμα αὐθύπαρκτον, i.e. "self-subsistent substance" (the English translation sounds more self-referential than its Greek prototype using the one term to formulate the subject and the predicate),56 the God structurally corresponds to the way of our philosophical cognition: "substance (οὐσία) is a self-subsistent thing (πρᾶγμα αὐθύπαρκτον) and has no need of another for its existence, and that is all. Thus, substance does not admit of the entire definition of being (ὁρισμὸν τοῦ ὄντος). Consequently, being is not the genus of substance, nor is substance [a species] of being, for the species admits of the definition of its genus in its entirety."57 Taking this definition of philosophy into account too, John Italus also develops this line of considering philosophy in the context of self-reference notion (improperly ascribing this definition to Aristotle). In his short treatises Quaestiones Quodlibetales (Ἀπόριαι καὶ Λύσεις) this notion occurs in the series of treatises.58 Let us look just through the several ones:
1.
Trying to prove that philosophy being τέχνην τεχνῶν καὶ ἐπιστήμην ἐπιστημῶν John Italus uses such an argument: "Αὕτη τοίνουν ἐστὶν ἡ πρέπουσα τῶν ὄντων ἀρχὴ καὶ περὶ ταύτης ἡ φιλοσοφία διαλέγεται. Καὶ ὥσπερ ἀρχὴ ἀρχῶν αὕτη, οὕτω καὶ φιλοσοφία ἐπιστήμη ἐπιστημῶν;"59 that means that the main subject of philosophy is the foundation of being (τῶν ὄντων ἀρχὴ) and being the self-subsistent substance (ἀρχὴ ἀρχῶν) it requires self-referential knowledge (ἐπιστήμη ἐπιστημῶν), because the philosophy deals with the foundations of all sciences (περὶ τῶν ἀρχῶν τούτων διαλαμβάνουσαν).60 And the second argument is as follows: all the sciences except philosophy do investigate the subjects as being forms (περὶ ὄντων ᾗ σχήματα) or numbers (περὶ ὄντων ᾗ ἀριθμοί), and only the philosophy regards the being as being (περὶ ὄντων ᾗ ὄντα).61 Only philosophy deals with the self-subsistent substance (ἀρχὴ ἀρχῶν) that's why it is to produce the definitions, and first of all the definition of definition (also a self-referential enterprise), i.e. the definition of definition components (genus, species, differentia, etc.).62 2. As John of Damascus he also explains that logic is not the part of philosophy, but an instrument, i.e. the knowledge device that makes the knowledge procedure possible, i.e. the fount of knowledge. Of course there may be philosophy without logic, but it is not an easy way to think on the complicated subjects it assumes, so we need logic to make our way to wisdom easier, i.e. to think about the logic matters as the shortest way. So we have two strategies in philosophy and theology: to consider complicated thing (object-language) and than to interpret it in terms of logic (the meta-language that explains our way of thinking on the elements of object-language).63 John Italus also argues that logic may be regarded as the independent and self-sufficient science as geometry or arithmetic because the geometry investigates the subjects as being formable (σημεῖον), arithmetic -as being numerable (μονάς), and logic -as being definable (ὅρος).64 Logic according to John of Damascus is an instrument of philosophy (ὄργανόν ἐστι μᾶλλον τῆς φιλοσοφίας ἤπερ μέρος),65 that's why it should not be regarded as its part (λογικόν μέρος): "we are beginning with that division of philosophy which concerns the reason and which is a tool of philosophy rather than one of its divisions, because it is used for every demonstration,"66 i.e. logic is a meta-language which describes our thinking. But constructing such a meta-language we have need to discuss it and thus to produce the higher-order language for this purposes. The terms "equivocal," "univocal" and etc. are the features of the object-level expressions (such as "a dog" or "τὸ ζῷον"), but they also can be applied to characterize the meta-level expressions
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(such as genus, species etc.). John of Damascus and John Italus distinguished these levels, but did not express them evidently. Later Theodoros Prodromos showed that being not distinguished the different language levels could be mixed causing aporias and paradoxes while discussing even the definition theory notions. 3. In the seventh treatise, op. 7,67 John Italus even defines the phenomenon of self-reference in the neoplatonic terms: the self-subsistent substance is that of producing itself, that's why it is binary or twofold (διπλοῦν), because the producing (τὸ παράγον) is the one part of it, and the produced (τὸ παραγόμενον) is the other. That's what is named as self-subsistent (αὐθύπαρκτον) and self-existent (αὐθυπόστατον) and hyper-independent (ὑπεραύταρκες). It refers to itself (πρὸς ἑαυτὸ νένευκε) and resembles binary structure as producing and being produced at the same time (καὶ ὥσπερ τινὰ διπλόην καὶ σύνθεσιν τὸ παράγειν καὶ παράγε-σθαι κεκτημένον ἐστί).68
As a conclusion it should be stressed that neither John of Damascus nor John Italus did produce self-reference notion or the meta-level language notion as a concept or term. But they used them implicitly in formulations of their thoughts on logic matters, God and knowledge and even as a method to refute the opponent ideas and approaches. John of Damascus refuting scepticism discarded self-reference in the case of knowledge about the impossibility of knowledge (because of its being paradox) but permitted it in the case of the philosophy definition (because of its being hierarchy of terms).
2.4
Middle Byzantine Period (12th Cent.) And only Theodoros Prodromos (12th cent.) at last is worth of insisting that he at the first time in the history of Byzantine logic sets out the attempt to apply predicabilia notions to define themselves (i.e. as self-descriptive words). Just by formulating questions in Xenedemos, or Voices (Ξενέδημος ἢ Φωναί) he expresses the self-referential character of the definition problem (whether we can define the definition itself?) and applies almost all predicabilia notions within their own definitions.69 The dialogue Ξενέδημος is a little-known philo- sophical work which is dedicated to the analysis of the five "voices" or predicabilia (φωναί) definitions made by Porphyry in Isagoge. The way to discuss the definitions of Porphyry used by Theodoros Prodromos is to make a presentation of logical puzzles or paradoxes just to invite the reader to produce the outlines of their possible solutions. Theodoros Prodromos tries to implement predicabilia notions (genus (γένος), species (εἶδος), differentia (διαφορά), property (ἰδίον) and accident (συμβεβηκότος) to define themselves. It represents the self-descriptiveness as a basic feature of predicabilia notions in the situations when they are applied to define themselves. Prodromos uses predicabilia as the autological words and terms. In this respect he works strictly as a 20th century logician or mathematician: the most common recursion application in mathematics is the one where the defining of functions implies defined function as being applied within its own definition. Prodromos attempts to apply the definition rules to define the predicabilia components of definition procedure. It should be mentioned that Porphyry doesn't define (ὁρισμός) but describes (ὑπογραφή) predicabilia, i.e. the predicabilia notions described by Porphyry are understood as axioms (their functions are rather obvious than demonstrated), while Theodoros Prodromos (using the protagonists discussions in the dialogue) tries to assert them as theorems (to define them strictly with applying all the rules of definition). That's why the collocutors (Xenedemos and Theokles) drive to the controversial conclusions each time they try to apply the definition theory itself to define its primitive notions. The questions asked by protagonists of the dialogue may be reconstructed as follows: whether do exist the genera of genera; what are the species of species; does differentia differ from others kinds of differences; what is the property of property; and whether an accident is accidental itself or not? It is possible to build such questions because predicabilia terms may be regarded as the self-descriptive words: the word "genus" is a genus itself, because we can interpret it as a meta-level function to say that we have at least several genera: the genus of animals, the genus of plants, the genus of minerals, etc. I.e. the word "genus" will be the genus of all this genera. The same situation concerns the other predicabilia: "species" can be interpreted as a kind of species: the most general species (γενικώτατα εἶδη), the most specified species (εἶδικώτατα εἶδη), the intermediate ones (τὰ μέσα) -they all are the different species of species. And so on.70 It should be noted that Theodoros Prodromos might have formulated the Russell's paradox using the five "voices" of Porphyry. So this dialogue can be regarded as the text on the foundations of the logical theory of definition and on the foundation of logic in general. Let us show that the Prodromos "aporias" can be translated into Russell's paradox. The most popular form of the Russell's paradox is formulated in terms of sets or classes. The other form is formulated in terms of properties. Some sets, classes or properties seem to apply to themselves, while others do not. Let us consider the second variation of the Russell's paradox formulation in terms of properties. The property of being a property is itself a property. Does the property "to be the property not appliable to itself" apply to itself? Theodoros Prodromos just asks whether the property is the property itself or not? what is the property of property (ἴδιον τοῦ ἰδίου)? what are the differences between different predicabilia? and what are the differences between the different kinds of properties (τίς οὖν ἡ τούτοιν διαφορὰ πρὸς ἄλληλα τοῖν ἰδίοιν)?71 The example with genera of genera can be translated into the Russell's paradox in terms of sets or classes: if genus is the genus of all categories, and categories are the genera too, how can the term "genus" be simultaneously the genus and the synonym of the category? Trying to answer these questions the reader of the dialogue is supposed to distinguish meta-language and object-language just to understand properly the properties of properties, genera of genera and species of species, etc.72
Conclusions
To resume with it should be mentioned that after John of Damascus the interest of Byzantine commentators on Porphyry's definition theory shifted from the theoretical approach to the practical implementations. All aporias, sophismata, mistakes or even paradoxes of its applications caused to treat the definition theory not only as an instrument, but as the object of the research interest itself. Such is the situation by the 12th century in Byzantine logic. Theodoros Prodromos adapts and experiments with Porphyry's concepts and drives sometimes to sophistic and sometimes to paradoxical conclusions putting forward the questions which necessarily lead to aporia or mistake.
As far as we know the Byzantines did not produce any way of avoiding Theodoros Prodromos paradoxes (for example in the style of Zermelo-Fraenkel set theory or Russell's type theory). Probably because of the fact that by the time of Theodore Metochites and Gregory Palamas the logical tradition developed to the logical scepticism rather than to the epistemological optimism.73 May be that was the reason why the Byzantines did not build some solutions as the set theory or the type theory. Nevertheless, we should consider that John of Damascus, John Italus and Theodoros Prodromos took part in the development of the discussion on self-reference too: when John of Damascus gives the definition of philosophy as the science of sciences, he implicitly produces the questions of the following type -whether it is possible to be a science that doubts the scientific nature of science -and at the same time answers "no, because it is a paradox" (it resembles the Grelling-Nelson variation of Russell's paradox); when John Italus explains this definition he creates the hierarchy of scientific levels that presupposes the philosophy as a higher-level degree of reflection and logics as its meta-language, he works in this respect as a 20th-century semanticist; when Theodoros Prodromos uses predicabilia notions self-descriptively he almost anticipates the Russell's paradox itself.
To resume briefly the Byzantine discussion on self-reference developed by John of Damascus systematization of Greek logic and theological thought, then through John Italus applying it in his dialectical and refutation methods and further to Theodoros Prodromos who was the first Byzantine author to reflect on the foundations of logic using self-reference as a basic feature of its elementary terms and notions.
Western scholars discussed self-reference notion in terms of propositional contradiction and the Liar Paradox, while the Byzantine authors analyzed that of not only on the propositional level,74 but also on the level of terms.75 (The Byzantine theologians and scholars as usual did not treat self-reference as a fallacy but as a feature of our thinking,76 which is generally paraconsistent rather than consistent especially with respect to some logical and theological problems).77
